\\;

-

. -
. .

REPORT ON THE DEVELOPMENT OF "
THE MANNED ORBITAL RESEARCH LABORATORY (MORL)
SYSTEM UTILIZATION POTENTIAL

TASK AREA IV
MORL SYSTEM IMPROVEMENT STUDY

BOOK 1

SM-48815
DECEMBER 1965

MISSILE & SPACE SYSTEMS DIiVISION
DOUGLAS AIRCRAFT COMPANY, INC.
SANTA MONICA/CALIFORNIA

Y

ODOUGLAS Nt
NS




‘\5,/ i

'REPORT ON Tt DEVELOPMENT oF Seat ~
THE MANNED ORBITAL RESEARCH LABORATORY (MORL)
- SYSTEM, UTILIZATION POTENTIAL

[}

S Tfask ArealV
MORL System Improvement Study

T CLE STARNS _
SEdRI Phosﬁm 'MANAGER -

SUBMITTED BY : :
: QOUGI,AS AIRCRAFT COMPANY INC..

i

PRESENTED TO

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
LANGLEY RESEARCH CENTER
CONTRACT NO. NAS1-3612 -

/ R J. GUNKEL
. DIRECTOR, ADVANbr.D MANNED SPACECRAFT SYSTEMS

T ST B St g e A s

¥ W

DOUGLAS MISS/ILE & SPACE SYSTEMS D/V/S./DN



o
"

““The Manned Orbital Research Laboratory (MORL) is a versatile faclhty
for experimental research which provides for:

¢ Simultaneous development of space flight technology and man’s capa-
bility to function effectively under the combined stresses of the space
environment for long periods of time.

¢ Intelligent selectivity in the mode of acquisition, collation, and trans-
mission of data for subsequent detailed scientific analyses.

o Continual celestial and terrestrial observations.

Future application potential includes use of the MORL as a basic, inde-
pendent module, which, in combination with the Saturn Launch Vehicles
currently planned for the NASA inventory, is responsive to a broad range
of advanced mission requirements.

The laboratory module includes two independently pressurized compart-
ments connected by an airlock. The larger compartment comprises the
following functional spaces:
¢ A Control Deck from which laboratory operations and a major portion
of the experiment program will be conducted.
¢ An Internal Centrifuge in which members of the flight crew will
perform re-entry simulation, undergo physical condition testing, and
which may be useful for therapy, if required.
¢ The Flight Crew Quarters, which include sleeping, eating, recreation,
hygiene, and liquids laboratory facilities.
The smaller compartment is a Hangar/Test Area which is used for logistics
spacecraft maintenance, cargo transfer, experimentation, satellite check-
ogt, and flight crew habitation in a deferred-emergency mode of operation.

The logistics vehicle is composed of the following elements:

o A Logistics Spacecraft which generally corresponds to the geometric
envelope of the Apollo Command and Service Modules and which
includes an Apollo Spacecraft with launch escape system and a service
pack for rendezvous and re-entry maneuver propulsion; and a Multi-
Mission Module for either cargo, experiments, laboratory facility
modifications, or a spacecraft excursion propulsion system.

¢ A Saturn IB Launch Vehicle.

Integration of this Logistics System with MORL ensures the flexibility and
growth potential required for continued utility of the laboratory during a
dynamic experiment program.

In addition to the requirements imposed by the experiment program, sys-
tem design parameters must reflect operational requirements for each

-phase of the mission to ensure:

¢ Functional adequacy of the laboratory.
¢ Maximum utilization of available facilities.

¢ Identification of important parameters for consideration in future
planning of operations support.

For this reason, a concept of operations was developed simultaneously with
development of the MORL system.
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PREFACE

This report is submitted by the Douglas Aircraft Company, Inc., to the National
Aeronautics and Space Administration’s Langley Research Center. It has been
prepared under Contract No. NAS1-3612 and describes the analytical and experi-
mental results of a preliminary assessment of the MORL’s utilization potential.

Documentation of study results are contained in two types of reports: A final re-
port consisting of a Technical Summary and a 20-page Summary Report, and five
Task Area reports, each relating to one of the five major task assignments. The
final report will be completed at the end of the study, while the Task Area re-
ports are generated incrementally after each major task assignment is completed.

The five Task Area reports consist of the following: Task Area I, Analysis
of Space Related Objectives; Task Area II, Integrated Mission Development
Plan; Task Area III, MORL Concept Responsiveness Analysis; Task Area IV,
MORL System Improvement Study; and Task Area V, Program Planning and Eco-
nomic Analysis.

‘This document contains 1 of the 5 parts'of the Task Area IV report, MORL Sys-

tem Improvement Study. The study evaluates potential improvements to the MORL,
necessitated by the limitations identified in Task Area III, and evaluates those
improvements stemming from investigations aimed at increasing the effective-
ness of the MORL through the addition of new system elements.

The contents and identification of the five parts of this report are as follows:
Book 1, Douglas Report SM-48815, presents the summary of the Task ‘Area effort
and the results of the configuration, structure, electrical power, logistics system
and performance analyses; Book 2, Douglas Report SM-48816, presents the results
of the analyses performed on the Environmental Control/Life Support subsystem;
Book 3, Douglas Report SM-48817, presents the results of the analyses performed
on the Stabilization and Control subsystem; Book 4, Douglas Report SM-48818,
presents the results of the analyses performed on the Communications and Tele-
metry subsystem; Book 5, Douglas Report SM-48819, presents the results of the
analyses performed on the Propulsion subsystem.

Requests for further information concerning this report will be welcomed by
R.J. Gunkel, Director, Advance Manned Spacecraft Systems, Advance Systems
and Technology, Missile & Space Systems Division, Douglas Aircraft Company, Inc.
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Section 1
INTRODUCTION AND SUMMARY

The MORL Phase IIb study was intended as a further development of an
improved MORL concept. The objective was to continue the assessment and
analysis of space-related objectives and to incorporate the most current
subsystem technology. Within this framework, the major emphasis of Task
Areas I and II was to further identify the potential returns of Earth-oriented
applications and to integrate these goals into the mission development plan.
The goal of Task Area III was to determine the extent to which the require-
ments of the mission development plan could be satisfied. Additionally, any
limitations of the current MORL system which might constrain system

capability were to be identified for each subsystem.

Improvements and modifications to the baseline system were the major pur-
pose of Task Area IV. These would lead to increased system capability.
The changes identified were principally connected with the limitations and
marginal capabilities identified in Task Area III. Changes also resulted
from the evaluation of the performance growth potential of various subsys-
tems and from the effect of new requirements on the optimized baseline
system. Detailed technology requirements and the requisite development

program were identified.

The Task Area IV analysis established that the MORL subsystems were
highly responsive to the requirements imposed by both the mission develop-
ment plan and the experiment plan. The laboratory design was found to be
sufficiently comprehensive and flexible to accommodate an evolving research
program. The study approach of Task Area IV is shown in Figure 1-1. It
shows how limitations identified in Task Area III were incorporated in the

Task Area IV study for effective resolution.



Figure 1-1. Task Area |V Study Plan
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This volume describes the baseline changes in the configuration and interior
design, and presents results of improvement studies for structures, elec-

trical power, logistics, and vehicle performance. Task Area IV books 2, 3,
4, and 5, describe the Environmental Control/Life Support (EC/LS), Stabili-
zation and Control (SCS), Communications, and Propulsion/Reaction Control

(P/RCS) subsystems, respectively.

The baseline system limitation and marginal capabilities stemming from Task
Arealll are summarizedin Table 1-1, which indicates whether the source of
the requirementis mission- or experiment-oriented. Table 1-1alsoidentifies
the corresponding mission and the recommended solution, and makes refer-

ence to the appropriate Task Area III book from which the data were taken.

1.1 MISSION ANALYSIS CHANGES

The expanded mission analysis revealed that increased radiation shielding
provisions are required, particularly for the synchronous mission. The
requirements are further complicated by the Starfish artificial electron

source and by the solar flares expected in a l-year period.

The radiation dose to the crew must be reduced to an acceptable level on the
50° mission; an addition of 165 1b of shielding material must be made to the
laboratory aft dome to ensure crew safety. This amount of shielding will
provide adequate protection for a l-year period, including two solar flare
events, and can be accomplished by increasing the dome thickness by 0. 02 in.
To provide the same protection on the polar mission, 1, 820 1b of shield
material are required; this can be provided by increasing the gage of the
laboratory bottom, sides, and top dome by 0. 07, 0.13, and 0.02 in.,
respectively. These increases can be easily attained, since the walls and

domes are routed from 0. 75-in. plate.

The amount of shielding required for the synchronous mission is uncertain;
estimates range from 4, 400 to 110,000 1b. A structural concept is presented
for a 25, 000-1b shield, since this is the maximum that can be tolerated when

a Saturn V launch vehicle is used.
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bay installation). Control of attitude accuracies in excess of this is beyond

the capability of the SCS precision stellar-inertial reference and imposes
the requirement for experiments to supply their own error-sensing and

control.

A significant propellant saving is achieved by a combined operation mode,
made possible by sizing the CMG for all normal attitude maneuvers. When
the laboratory is in belly-down mode, it utilizes all reaction control system
impulse for orbit keeping and is also used for unloading the momentum

storage system (control moment gyros).

Tracking, command, and data transmission coverage were found to be lim-
ited for the 50° and 90° missions. Increased ground contact time and track-
ing coverage requirements imposed on the communications and data
management system can be met by adding additional tracking stations. For
the 50° mission, a station will be required in Hawaii to meet the required
45 min. /day ground contact time. The addition of stations in Hawaii and
Guaymas will fulfill the requirements for the 90° inclination orbit. Deletion
of the unmanned resupply vehicle simplifies communications and data man-

agement by eliminating the requirements for a backup system.

The baseline data management subsystem was found to be limited in meeting
the high data rate requirements for data handling, storage, video, and voice
resulting from the new mission and experimental requirements. An advance
data management concept has been analyzed, and is at the point of prelimi-

nary definition.

For the rf unification analysis, the Apollo unified S-band system has been
analyzed to determine its adaptability to the baseline MORL signal complex.
An adaptation has been deemed feasible, but final decision on a unified rf sys-
tem for MORL should not be made until further definition of the signal

complex.

In the area of data compaction, a survey of data redundancy reduction tech-
niques and related experiments was made. It was concluded that an approxi-

mate average gross pulse control modulation (PCM) data reduction ratio of



10:1 could be expected. The necessary data tagging required for ground

decormmutation, within the context of the baseline PCM channel configuration,

results in a net effective reduction ratio for MORL of approximately 2. 85:1.

Further analysis of data system requirements is necessary before any recom-

mendation on data compaction can be made.

1.2 CHANGES TO UPGRADE THE BASELINE SYSTEM

A total of 14 baseline changes are summarized in Table 1-2. The changes

are either technology time-oriented or design refinements.

The greatest effect on the laboratory involves selection of the Pu-238 Isotope
Brayton Cycle (PBC) power system as a replacement for the solar cell/
battery power system. This change was the result of an extensive .improve-
ment analysis study and it reflects changing technology; the solar panel
selection was greatly influenced by an anticipated 1968 to 1969 launch date.
Selection of the PBC system provides operational improvements by removing
the hazard presented by the solar cells during rendezvous, docking, and

extravehicular operations.

In addition, a source of high atmospheric drag was removed which has
imposed a significant propellant penalty on the system. The PBC system
offers the advantage of serving as a direct source of thermal power to the
EC/LS system. Heat transfer for this system is provided from PBC system
waste. (A more detailed discussion of the selection of the PBC system is

provided in Section 4 of this Volume. )

Deletion of the solar panels resulted in major change to the baseline SCS.
Since solar orientation of the laboratory is no longer required, a primary
orientation was selected, maintaining one side of the vehicle facing the Earth.

This is referred to as the belly-down orientation, and its impact on the SCS

system is discussed in Book 3.
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Sections 2 and 3 of this Volume discuss significant baseline changes made in
the configuration and structural design areas. Briefly, modifications include
the following changes:
1. Redesign of the floor, and removal of the hemispherical bulkhead
between hangar and operations area.
Reduction of logistics vehicle stowing arms from seven to two.

3. Use of O-ring-sealed bolted flanges to connect and seal the three
circumferential joints.

4. Extension of the MORL interstage.

5. Modification of the conic section structure.

The redesign of the floor between the hangar and operations area and removal
of the hemispherical bulkhead provides additional usable volume, permits
better space utilization, and allows room for radial stowing of logistics vehi-
cles. Radial stowing at six separate ports in the Hangar/Test area allows
ready access to the stowed vehicles with all the associated benefits of a
flexibly sized laboratory. A significant saving in weight and complexity was
accomplished by reducing the vehicle stowing arms; reliability requirements

dictated a dual-arm design rather than a single-arm system.

The change to O-ring-sealed bolted flanges to connect and seal the three
circumferential joints was based on test data gained during the year. This
concept has also been successfully tested at Langley Research Center. It
permits flexibility in initial checkout and assembly and subsequent modifica-
tion greater than provided by the all-welded construction, which required

removal of equipment through the airlock hatches.

Although the PBC system removed the shadowing problem from the radiators
located in the external walls of the laboratory, the increase in power to

11 XW and the associated increase in heat rejection made it necessary to
enlarge the radiator area. The increase from 6 to 11 kW was caused pri-
marily by the increased housekeeping requirements and the expanded experi-
mental program. The housekeeping loads increased from 3. 25.-to 6. 2 kW as
a result of increased EC/LS power, increased lighting requirements, and
increased logistic requirements. The EC/LS changes account for more

than 2. 0 kW and the expanded experimental program account for 3. 0'kW.

11
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A 15% reserve is allowed for contingencies, resulting in the 11. 0-kW require—v

ment at the alternator terminals of the PBC system. To accommodate the
additional radiator surface, the MORL interstage was extended 38 in. and
the conic section structure was modified to incorporate radiator tubing for

an oxygen regeneration mode EC/LS system.

The EC/LS system was redesigned to operate in three different modes other
than a single mode (as in Phase Ila). The three modes are (1) basic,

(2) nine-man crew, and (3) oxygen regeneration operating modes. The basic
mode accommodates a six-man crew and has a completely closed water cycle
and an open oxygen cycle, as in the Phase Ila design. However, the current
system provides oxygen :by the electrolysis of water which is resupplied as
required rather than by the resupply of cryogenic oxygen. The nine-man
crew mode is capable of functioning for indefinite periods of time without
compromising crew safety and with only a slight decrease in operating effi-
ciency and reliability. The current system can also be operated in a closed
oxygen cycle mode when appropriate equipments are supplied. This mode

has not been available previously.

The atmosphere supply subsystem provides a 147-day supply of oxygen for

6 men. Oxygen stored in the form of water and gaseous oxygen is provided
by electrolizing the water in five electrolysis modules to produce breathing
oxygen. Hydrogen will normally be vented overboard. The electrolysis
modules may be sﬁut down to conserve electrical power for experiment pur-
poses when required. Three modules have sufficient capacity for a six-man
crew and five modules will fulfill needs of a nine-man crew. For a nine-man
crew, the water required to satisfy the oxygen needs of the additional three
men will be stored in a cargo module and transferred to the MORL tanks as

needed.

The waste management system has been redesigned so that waste collection,

processing, and storage are combined, eliminating the need for separate

hardware for each function. Manual handling of wastes has also been elim-
inated; crew time in this area is reduced by approximately 15 man-minutes/

day.




Incorporation of a larger power system has increased the air heat load on

the main laboratory cooling and ventilation circuit, and its capacity has
therefore been increased. A separate ventilation circuit was also designed
for the Hangar/Test area to accommodate the expected increased usage of

this area.

Redesign of the cooling circuit was required to accommodate the change to
an 11-kWe PBC system and the oxygen regeneration mode. Size of the
EC/LS radiator was increased in order to reject the heat from the additional
electrical energy being dissipated. The isotope heating circuit required in
Phase Ila was eliminated because waste heat from the BPC system supplies

this need.

The change in mission initiation (1972 rather than 1968) has had significant
effect on operating aititude. The involved factors are lower-density atmo-
sphere, removal of the solar panels, and altered laboratory primary flight
attitude. Long-term orbital characteristics were changed from a 200-nmi
altitude and 28. 72° inclination to a 164-nmi altitude and a 50° inclination
(based on a tradeoff analysis using a 5-year mission with 20 Saturn IB/Apollo
logistics appointments). The altitude operating band is 145 to 165 nmi,

which represents a tradeoff between logistics spacecraft payload performance
and MORL propellant usage. An altitude of 164 nmi at a 50° inclination was
chosen, to allow the tracking and communication benefits of a subsynchronous

laboratory orbit (repeatable trace three-day cycle).

Investigation of an updated baseline propellant/reaction control system
(P/RCS) and an advanced P/RCS resulted in the definition of updated bipro-
pellant, Resistojet, and radioisotope thrustor systems which were then inte-
grated with the MORL system. The updated bipropellant system was selected
as the MORL Phase IIb baseline P/RCS.

The propellant combination selected for the updated bipropellant system is
NTO/MMH. Phase Ila used the IRFNA/MMH combination. This propellant
combination results in increased system performance and reduced total
system weight. The thrustor logic utilized for the updated bipropellant sys-
tem also allows a system weight saving by reducing the P/RCS total impulse

requirement.
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Both hydrogen and ammonia propellants are candidates for the advanced
Resistojet and radioisotope thrustors. Although the hydrogen system pro-
vides a higher specific impulse (and therefore minimum propellant consump-

tion) it requires cryogenic storage, increasing total system weight.

Thrust levels selected for the thrustor systems are based on the zero-g
baseline orientation. This orientation utilizes the belly-down mode with
4-hour/day excursions for inertial orientations. Thrustors of 100- and

50-1b thrust were selected for the baseline system. A thrust level of 9. 8 mlb
was selected for the Resistojet thrustors and thrust levels of 16 and 4 mlb
were selected for the radioisotope thrustors. Engines of 100-1b thrust were
selected to perform all high-thrust mission requirements for both the base-
line bipropellant systems and the advanced syst-ems. The orbit injection sys-
tem for all systems consists of four 100-1b thrust engines, all utilizing the
same NTO/MMH bipropellant combination. For the baseline bipropellant
system, attitude control is provided by the 50-1b engines. For the advanced
systems, roll control is performed by separate 100-1b bipropellant engines.
The maximum power demand for the hydrogen Resistojet system is 1. 16 kW

electrical. This represents approximately 10% of the total PBC capacity.

Because of the logistics and accessibility problems associated with tank
transfer a propellant resupply system was found preferable to transferred

tanks, although the logistics launch weight is about 75 1b heavier.

Sufficient biowastes (COZ’ HZ) are available to satisfy the propulsion RCS
requirements for the MORL mission. However, the combined MORL system
resupply weight can be reduced by 985 1b (for a 90-day period) if a P/RCS
utilizing biowaste with a water electrolysis life support system is used.
Further detailed tradeoff study is required before a final system can be

recommended.




..

" 1.3 RECOMMENDATIONS FOR FUTURE STUDIES

The most urgent areas for continued studies are in the Communications/Data

Management System, the SCS, and the P/RCS. Areas of particular interest

are as follows:

1.
2.

Digital or analog transmission tradeoff analysis.
Autonomous navigation for MOR L.

RF unification analysis.

Low-thrust P/RCS.

Crew Motion Studies--Simulation (in-flight testing) of more realistic
models; major impact on CMG torque and momentum sizes.

Attitude Reference Studies--Performance analysis to include all
error sources (navigation, alignment, and within the experiments).

CMG Configuration Selection--Establish values for unassigned
laboratory resources (weight, volume, and time), and note effects
on CMG.

15
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Section 2

CONFIGURATION

The baseline configuration defined by the system specification (Reference 1)
at the close of the MORL Phase Ila study was evaluated to determine its
compatibility with the.requirements of an expanded experimental program
and the 50°, polar, and synchronous orbit missions. In addition, proposed
improvements and desirable modifications were evaluated to determine their
applicability as baseline revisions; certain of the improvements are clearly
beneficial to the laboratory and are adopted as baseline changes. Others,
although not adopted by the baseline, are sufficiently valid to be given future

considerations.

2.1 SUMMARY

The following text discusses the baseline changes added to the revised sys-
tem specification, outlines problem areas chargeable to the alternate
missions, and identifies alternate concepts and studies which should be

pursued in future MORL studie. .

2.1.1 Baseline Specification Changes

Analysis of the updated expcrimental program necessitated the following

changes:

1. A sensor mounting beam has been added to the Hangar/Test area
to maintain experiment sensor alignment accuracy to within 0. 1°,
by providing close tolerance mounting surfaces and control of
structural and thermal stresses.

2. A pressurized experimental bay has been added to the Hangar/Test
area to provide a shirt-sleeve environment for the installation,
replacement, and service of sensors and experiments; this change
significantly reduces requirements for extravehicular activity.

3. An experimental console has been provided in the Hangar/Test area
to allow the conduct and the control of experiments located in the
Hangar/Test area,

17
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4. An enlarged scientific test console has been provided to assure
experimental flexibility and to increase experimental capability.

Analysis of the proposed missions resulted in the requirement for additional
radiation shielding. Increase of the material gage of the pressure shell
dome of the laboratory by 0. 02 in., at a cost of 165 1b, provided adequate
shielding for the baseline 50° mission. Shielding for the polar orbit mission
can be accomplished with the addition of about 1, 800 1b of shielding added as
0.13 in. to the sidewall a:nd 0. 072 in. to floor structure. Synchronous orbit
shielding cannot be adequately defined without additional knowledge of the
radiation environment and protective criteria; however, an exploratory
approach is presented to further the understanding of the difficulties

encountered.

Studies of proposed laboratory improvements indicated sufficient advantages

to justify the following changes:

1. The electrical power generating system has been changed to an
Isotope Brayton Cycle system; this resulted in deletion of the
solar panels and a 38-in. extension of the laboratory aft interstage.

2. The seven-arm logistics vehicle stowage mechanism has been
reduced to a two-arm system, resulting in reduced complexity and

weight.

3. The logistics vehicle and experimental modules are stored in six
radial ports located in the Hangar/Test area, enabling shirt-sleeve
access.

4. A flat common pressure bulkhead has replaced the domed bulkhead
between the Hangar/Test area and the operations deck, providing
space for the radial stowage ports and increased volume in the
experiment bay.

2.1.2 Alternate Candidates for Future Baseline Revisions

The operational advantages of the Isotope Brayton Power system over the
solar cell/battery system are clearcut. However, there is a possibility
that the isotope fuel blocks will not be available or launch approval will not
be obtained for an operational MORL; configuration studies therefore should

continue to allot space provisions for a solar cell/battery system.




The need for a dual MORL artificial gravity spin system, toprovide a zero-g
facility while the laboratory is spinning, requires further evaluation. One
concept which has been investigated involves two MORL's spinning about
each other; an intermediate section, at the CG of the spinning system has

a counterspun multimission module attached. However, need for this added

complexity has not been established.

Continued analysis of the MORL configuration is also required. An alternate
annular structural arrangement described in Section 2. 4 has potentially a
more simple interior than the baseline arrangement; the sleeping quarters
may also be more readily converted to a radiation-protected biowell, should
the laboratory be placed in either the polar or the synchronous orbit. The
experiment bay must largely be sized and arranged by continued definition

of the experiment program; in addition, there should be further exploration
into locating the sensor mounting beam either on the MORL exterior or

completely within the experiment bay.

2.2 DESCRIPTION OF BASELINE CHANGES--EXTERNAL

The revised MORL shown in Figure 2-1 has been designed to function in

either a zero-g or rotating mode, to meet the following requirements:

1. MORL launch on a Saturn IB for the baseline mission.

2. The nominal crew of six astronauts, with provisions for up to three
additional crew members for extended periods, with added logistics.

3.  MORL must accommodate a diversified experimental program;
adequate volume and subsystem capacity for experiment growth
and flexibility must be provided.

4. A shirt-sleeve environment for crew and cargo transfer from the
logistics spacecraft to the MORL.

5. Accessibility to allow repair of the vehicle shell, structure, and
component parts. :

6. All doors must be operable from either side.

7. No propellant lines can pass through the pressure shell; water is
the only fluid used for heating and cooling circuits within the !
pressure shell. |

8. No equipment mounted directly to the pressure shell.
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9. MORL operations must not be interrupted for normal maintenance
and repair of subsystems; adequate redundancy must be available
for all critical subsystems.

10. Equipment necessary for minimal operation of the MORL must be
operable by a crewman dressed in a pressure suit and biopack, with
gloves on and visor closed. This capability must apply either at
the time of initial manning or subsequently in the event of atmos-
pheric depressurization.

11. Equipment installations will be designed to satisfy the following
requirements: '
A. All surfaces in contact with the laboratory atmosphere must

be above the atmospheric dew point.

B. All surface areas which the crew can touch must be below
120°F.

C. All external surfaces which may come in contact with pressure
suit must be below 200°F.

The Hangar/Test area, located at the forward end of the vehicle, provides
for transfer of crew and cargo between the MORL and the logistics space-
craft in a shirt-sleeve environment. The docking port is mounted on the
forward section of the outer structure to prevent the dockingloads frombeing
transmitted directly to the pressure shell; the six radial stowage ports are
also located in the Hangar/Test area, between the flat floor support beams
which carry the stowed vehicle loads in the event of artificial-g spinup.

Aft of the Hangar/Test area, and separated by a common pressure bulkhead,
is the Operational/Experimental area, the primary work station of the

vehicle.

2.2.1 Isotope Brayton Power System

This section describes the changes in configuration resulting from the
installation of the Isotope Brayton Power system in the MORL vehicle; the
comparisons and justifications for making this change are covered in detail

in Section 4.

A major consideration in locating the isotope power system was the potential
radiation dosage to the crew. Since the radiation dose is inversely propor-
tional to the square of the separation distance between the crew and the

power source, the most attractive locations were (1) the Hangar/Test area,



(2) the interstage area, or (3) an extended location on a boom. The latter
was rejected because of additional complexity, necessity of extravehicular
activities for maintenance and repair, and potential interference with experi-
mentation. The interstage location was selected on the basis of minimum
interference with experimental activities in the Hangar/Test area, the
requirement for emergency access to space for heat dump, and the con-
venience of radiator installation on the interstage area. The Isotope Brayton
Power system installation in the interstage area is shownin Figure 2-2. The
major configurational changes are (1) the extension of the interstage area by
38 in. to provide the necessary radiator area, (2) the delefion of the solar
panels and deployment mechanism, and (3) the addition of two heat dump
doors for the fuel blocks and one access door for installation of the power

units in the area during maintenance periods.

The interstage extension structure used the same construction as the basic
shell structure; it consists of the same material gages and radiator assembly;
the weight of the extension is approximately 240 1b. Some local stiffening
is necessary for the doors and power system attach structure, but these are
not sufficient to cause a variation in the basic structures from the baseline;
a more detailed description of the structure is noted in Section 3 and in

Reference 2.

Deletion of the solar panels and the extension of the interstage result in a
volume increase of about 2, 300 cu ft, which is satisfactory for the installa-
tion requirements of the power generating system and its associated handling
equipment. The volume is also available for experiments which require

zero g and/or space pressure, although the radiation and temperature envi-
ronments are higher than the space ambient because of the isotope fuel blocks
and the radiators. External installation of equipment and experiments is
also simplified by the solar panel deletion; problems associated with shadow-

ing, interference, and RCS impingement on the panels are eliminated.

2.2.2 Two-Arm Logistics Vehicle Handling System

The Phase Ila baseline system provided a handling system with seven sepa-

rate arms and a rotary ring. During Phase IIb, methods of reducing the
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[
complexity of the system were studied, with the goal of better performance,
simplicity, and reduction in weight and cost. A two-arm stowage system
was designed and incorporated into the baseline configuration, and compari-
son of the two systems showed the large weight savings offered by the two-
arm system. In addition (1) the total number of components used is reduced,

(2) the reliability of the stowage system is improved by providing two arms,

each capable of servicing each stow position, and (3) the circular track pro-

vides potential experimental flexibility.

The baseline configuration of the two-arm handling system is shown in
Figures 2-3 and 2-4. The system consists of (1) two arms with movable
carriages and attaching latches, (2) a fixed circular track mounted on the
front face of the hangar structure, and (3) two powered pivot-postassemblies
which move around the circular track. Each of the two arms has a movable

carriage which is used for attaching the stowage arm to the vehicle to be

MORL MULTIMISSION MODULE (M MM)

APOLLO SPACGECRAFT
CIRCULAR TRACK |TEM 2
PWNOT POST ASSEM. «Ttevr 3
ATTACHING CARRIAGE

STOW ARM }\TEM +

POWERED DOLLY

\

\

MULTI-MISSION MODULE
APOLLD LOGISTIC  VEMICLE

APOLLO SPACECRAFT
Figure 2-3. Two-Arm Radial Stowing System
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The Phase Ila baseline EC/LS system was found to be larger than necessary -

for the synchronous orbit. The heat influx from the sun and the Earth in
this orbit is lower, so that the required radiator capacity is reduced by
approximately 30%. As a result, 13 of the 41 tubes can be deleted. It
would be desirable to change the EC/LS radiator for the synchronous mis-
sion to prevent the radiator fluid from freezing when the laboratory is in

the Earth's shadow; a minor weight reduction is also achieved.

Another significant change to the baseline system was the requirement for an
experiment bay in the Hangar/Test area. It contains the vehicle attitude
reference system and sensors for a number of experiments; these could not
be efficiently accommodated by the baseline désign. The design includes a
sensor mounting beam, equipment for precise mechanical alignment of sen-
sors, and provisions for pressurization of the compartment to permit instal-
lation, replacement, calibration, and maintenance of this equipment in a
shirt sleeve environment. Provisions will also be made to allow the direct
attachment of larger sensors to an external continuation of the mounting

beam contained in the experiment bay.

Further analysis of the basic stabilization and control mode (horizon sensor/
gyrocompassing), used for routine belly-down stabilization, sustantiated the
feasibility of holding attitude to 0. 5° in the presence of anticipated

disturbances.

A detailed examination of the data bank experiment requirements showed
that there is need for extensive use of gimbaled mounts to isolate experi-
ment sensors from laboratory motions where the capability of the laboratory
stabilization and control system (SCS) is exceeded. Crew motion, which is
expected to induce laboratory rates of nominally 0. 01°/sec, represents an
important category of transient disturbance, and influences the need for

dynamically isolating experiment sensors. Further study and examination

in this area is required.

Precision experimental tolerances require that the experiment sensors
and attitude reference instruments (in the 0. 1° to 0. 01° range) be relocated

on a common, rigid mounting base (described above as part of the experiment
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moved. The stowage arms are mounted on pivot posts which enable rotation
of the arms in a plane through the MORL longitudinal axis; each pivot post is
mounted on a powered dolly which moves along the circular track to locate the
arm and carriage into position for attachment to the logistics vehicle. A
docked vehicle is stowed by rotating the arm and carriage into the plane of
the logistic vehicle attachment point by moving the pivot post along the
track; the carriage is then moved along the arm until it mates with the
attachment point of the logistic vehicle; the vehicle is separated from MORL
and the pivot-post assembly is again moved along the track to place the
stowage arm and logistic vehicle into the desired stowage port plane; the
arm, carriage, and logistic vehicle are next rotated 180° about the center-
line of the arm, and then both arm and vehicle are swung about the pivot post
until the longitudinal axis of the logistic vehicle is aligned with the axis of
the stowage port; finally, the arm carriage is moved along the arm until the

vehicle is mated to the stowage port.

The powered pivot-post assembly consists of the pivot-post mast and a
powered dolly on which a motorized drive and hangar is mounted; this
supports a shaft and integral double cable pulley. The shaft-mounted pivot
post is supported on bearings and is free to rotate about the shaft centerline.
At the opposite end, bearings pressed into the pivot-post structure support
a shaft to which a double-cable pulley and the stow arm are.integrally

mounted.

Cables are rigged between the upper and lower pulleys to provide positive
drive for the stow arm in both directions. The pivot posts and stow arms
are stored within the nose cone in the launch phase. After the nose cone is
jettisoned, the drive motor is activated, rotating the stow arm until the
arm stop hits the pivot-post position. The torque is transferred from the
arm to the pivot post, which then starts to rotate about the lower shaft at
the drive position; rotation continues until the pivot-post assembly reaches
the operating position; here it is tied to the powered dolly by two lock pins,
and the drive motor is turned off. The pivot post and its mounting on the
powered dolly, and the stow arm and attaching carriage are similar in
concept and design to the corresponding parts shown in Figure A-2 of

Appendix A.




The powered dolly assembly is mounted on the fixed circular track, Item 2.
It is powered and driven through a gear-reduction drive; rotation is achieved
by an open gear driving against a large ring gear, mounted to the circular
track. The circular track was discontinued for the lower 90° of the arc, to

provide clearance for the star trackers.

The following is a step-by-step description of the stowage arm handling
system from docking to stowage of an Apollo spacecraft and a multimission
module (MMM), (Figure 2-5).

Step 1 Arm activation
Item 1--Nose cone is jettisoned shortly after first stage burnout.

Item 2--Stow arm and pivot posts are rotated into the operating position
and locked. Arm No. 2 is moved to the docking index point,
and Arm No. 1 is moved near stowage station No. 1.

Step 2 Apollo logistic vehicle docks to MORL

Crewmen leave Apollo and enter MORL upon successful completion of

a logistics vehicle dock (Reference 3). Before the logistic vehicle
can be moved from the docking port, the hangar entrance door is closed
and sealed. First the probe is removed from the Apollo spacecraft and
left in the hangar area, and the Apollo tunnel door is replaced and
sealed; the door in the hangar docking structure is then closed and
sealed, and the desired stowage position outer meteoroid protection
door is opened.

Step 3 Separation of Apollo and MMM

Item l1--Arm No. 2 and attaching carriage is moved to mate with the
Apollo spacecraft attaching point, where it is latched.

Item 2--MORL latches which hold the logistic vehicle are released; the
Arm No. 2 attaching carriage which holds the Apollo is moved
parallel to the longitudinal axis to clear the logistics vehicle
seals from the docking ring.

Item 3--Arms No. 1 and 2 powered dollys are rotated along the track
until Arm No. 1 is in the plane of the MMM attachment fitting.
Arm No. 1 is swung to mate its carriage to the MMM, and the
attachment is completed.

Step 4 Apollo Stowage in a Radial Stowage Port

Item 1--The joint between the MMM and the spacecraft is separated.

Item 2--Arm No. 1 attaching carriage is moved along the arm until the
MMM front seal joint is clear of the rear ring of the spacecraft;
Arm No. 1 is then swung to move the MMM clear of Apollo.
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Powered Dolly No. 2 is next rotated toplace Arm No. 2 andthe
Apollo into the plane of Stowage Station No. 4 (or another
desired stowage port).

Item 3--The arm No. 2 attaching carriage and Apollo are rotated 180°
about the centerline of stow Arm No. 2.

Item 4--Arm No. 2 and Apollo are then swung to line the centerline
axis of the spacecraft with the centerline of the stowage port.

Item 5--Attaching Carriage No. 2 is moved along the arm towards the
stowage port ring until the spacecraft docking ring mates with
the stowage port attachment ring.

Item 6--{not shown) The latch ring shown in Figure 2-6 is engaged, the
seal is inflated and the spacecraft'is stowed.

Item 7--{not shown) After the Apollo tunnel is pressurized by the same
procedure as the dock port, the inside hangar door is opened,
and the Apollo may be entered from MORL, in a shirt-sleeve
atmosphere.

PRESSURE DOOR (INTERNAL)

PRESSURE SHELL

RESILIENT MATERWL

LOGISTIC VERICLE

METEOROID DOOR STOW LATCH

(OUT SIDE)

APQLLO RING
Figure 2-6. Radial Stow Port
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Item 8--(not shown) The latches which hold the arm carriage to the
Apollo are finally released, and Arm No. 2 is available for
other transfer operations.

Step 5 Location of MMM is Dock Port for Cargo Unloading

To unload the large items of cargo designed to go through the large
MMM door, the MMM must be placed in nose docking port where the
dock port size matches the MMM opening. If all the cargo packages
can be unloaded through the smaller, Apollo-size docking ring, the
MMM may be placed in the radial stow positions for unloading, but
larger items require the large nose port. The following describes the
placement of the MMM to the nose dock port for large cargounloading.

Item 1--Arm No. 1 and attached MMM is éwung to return the MMM
back to the centerline position of MORL.

Item 2--The Arm No. 1 carriage is retracted until the MMM f{ront seal
ring mates to MORL. The MORL expandable lock ring is
engaged, which ties the MMM to MORL, and the seal is
inflated. The passageway into the cargo module is now pres-
surized to the MORL atmosphere, and the large door, which
is a portion of the docking structure, is opened from inside
MORL; it is manually stowed next to the nose pressure dome.
Shirt-sleeve entry into the cargo module is now possible from
the Hangar/Test area of MORL through the 30-in. opening.

Item 3--(not shown) The bolts which hold the Apollo adapter ring cone
are removed, and the adapter cone is moved out of the way;
the cargo unloading may now be accomplished, Figure 2-7.

Step 6 Jettison of Used MMM

Item 1--Upon completion of the cargo transfer, the MMM is prepared
for jettison (or stowage) by reversing Step 5; the docking
structure with the docking cone installed is swung back into
the normal position and the large door locked; the pressure
in the MMM module passageway is bled to space; the seal and
lock ring which holds the module to MORL is released; Arm
No. 2 attaching carriage is extended to clear the seal; and the
MMM is ready for deorbiting or stowage. The stow arm is
released for MMM deorbit, and, at the proper time, the
module propulsion system is activated; separation for deorbit-
ing is completed.

Step 7 Release of MMM from Dock Port

Prior to stowage of the MMM, the meteoroid door at the stowage sta-
tion must be opened.

Item l--Attach Arm No. 1 to MMM as described in preceding steps.
Replace and bolt the Apollo adapter ring cone in the MMM.
Replace dock structure door, depressurize MMM passageway,
deflate seals, and release lock ring as described in Step 6,
Itern 1. Arm No. 1 attaching carriage then moves MMM to
clear MORL seal and lock ring.
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\
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0" ORENING |

ADAPTER CONE JOINT ~— GO" OPENING
PRESSURE DOOR

(REMOV/E BOLTS TO OPEN CONE)
ADAPTER RING ADAPTER CONE

Figure 2-7 Multimission Module Adapter Cone

Item 2 --Arm No. 1 powered dolly is rotated to place Arm No. 1 and
MMM into the plane of stowage Station No. 3 (or other desired
port).

Step 8 Stowage of MMM in a Stowage Port

Item 1 --Attaching Carriage No. 1 and MMM is rotated 180° about the
centerline of stow Arm No. 1.

Item 2 ~-Arm No. 1 and MMM is then swung until the longitudinal axis
of the MMM is lined with the centerline axis of the stowage
station.

Item 3 --Attaching Carriage No. 1 is moved along the arm until the
MMM front adapter seal is mated to the stow station; the lock
ring shown in Figure 2-6 is engaged, the seal is inflated, and
the MMM is finally stowed.

Item 4 --(not shown) Entry into the MMM is gained by pressurization of
the MMM passageway and articulation of the MMM and MORL
stowage port doors, as described in preceding steps.
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A dynamic analysis for the two-arm axial stowage system is given in
Appendix A. Because the cantilever arm is decreased by moving the arm-
supported vehicle towards the pivot port, the moment of inertia about the
point of rotation is much smaller for the radial stowage concept than for the
axial stowage design. As a result, the impact load will be much smaller
than the case illustrated in the dynamic analysis, and the conclusions

reached for the axial stowage system can be applied to the radial stowage

concept.

2.2.3 Radial Logistics Vehicle Stowage System

The Phase Ila MORL design provided for stowage of seven logistics/
experimental modules parallel to the hangar side. During Phase IIb, alter-
nate methods of stowing the logistic vehicles were investigated. The radial
stowage concept was selected, based primarily on the ready access to the
stowed spacecraft and MMM. This configuration provides greater flexibil-
ity in unloading, allows direct access to special experiments, expedites
emergency evacuation, saves transfer time for maintenanée and check out
of the spacecraft, and reduces radiator shadowing effects. Consideration
of multiple stowage parts was avoided in early studies because of the pos-

sible leakage problems. Recent tests on door seals, performed at Langley

Research Center on Douglas-designed parts, indicate that seals can be made

which will keep the leakage well below the allowable limits. Earlier design
decisions have, therefore, been reconsidered, and the baseline configura-

tion utilizing six stowage ports has been accepted.

The baseline configuration of the radial stowage is shown in Figures 2-3 and

2-4. Six stowage ports of 38-in. diam are placed radially around the hangar

shell, spaced 49° apart; this leaves a 90° arc clear along the MORL belly
for the experiment bay. To withstand the forces introduced into the MORL
structure from the radially stowed vehicles, each port contains a ring,
which incorporates the stow latch and mechanism; it is integrated into the
pressure shell and tied to the floor beams. An outside door is provided at
each port for meteoroid protection; before a vehicle is stored, the outer

door is manually opened, and it remains parallel to the hangar shell.




Figure 2-6 shows a cross-section through the stow port. A detailed dis-

cussion of the structure is contained in Section 3. 3. 6.

Because the stow arm attachment point is the same distance from the longi-
tudinal axis for both the Apollo spacecraft and the MMM, the stow port
centerlines must be kept in a plane parallel to the stow arm rotary track.
To keep the flat bulkhead stiffening beam depth small, the stow port center-
lines are as close to the flat bulkhead as possible. All stow ports are
identical and built to accept the Apollo docking ring; cargo too large for the
Apollo opening must be unloaded from the nose port. Because the MMM
docking cone seal ring is ﬁluch larger than the Apollo ring, it is necessary
to add an adapter ring to the MMM that is the same size and shape as the
Apollo unit. Figure 2-7 shows the incorporation of the stow ring adapter

into the docking cone of the multimission module.

Assessment of the experiment and mission requirements indicated that only
six stowage ports are necessary; however, the Apollo command module and
the MMM are shaped so that Apollos may be stowed adjacent to each other;

however MMM's cannot be so stored. A stowage arrangement using alter-
nate locations for Apollo and MMM's or an unused stowage position between

MMM's is required.

Redesign of the logistics vehicle stowing system and the added provision for
radial stowage have altered several requirements for controls and displays
on the master control panel. The major areas and operations to be moni-
tored from this station are the hangar area, hangar docking operation,
MMM, stowing operation, and stow port area. Provisions for continuous
monitoring of each operation on a step-by-step basis are included because

of the criticality of these tasks.

Provisions for monitoring the hangar area and for control of the MMM fan

are shown in Figure 2-8. These changes reflect the requirements stemming
from the Apollo vehicle docking procedures. Provisions for monitoring and
controlling hangar pressure have been deleted from this portion of the panel,

since those procedures were to be used with the unmanned logistics vehicle.
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[ HANGAR 1
ON ‘LATCH LATCH
OFF UNLATCH UNLATCH
LEAK LEAK
MMM FAN SMALI DOOR LARGE DOOR
(DOCKING) (CARGO)
ON
OFF

Figure 2-8. Hangar Latch Panel

The hangar docking and stowing portions of the panel were completely
revised to reflect use of the Apollo spacecraft, the MMM, and two-arm
radial stowing. These areas are shown in Figures 2-9 and 2-10. A tele-
vision monitor has been added to provide a visual confirmation of the status
of all equipment; this capability will be extremely valuable during the final

stages of docking and stowing and particularly helpful when stowing units

are in close proximity.

Only minor differences between the longitt;_dinal stowage and the radial stow-
age configurations were found in the stabilization and control system study
(Reference Book 3, Douglas Report No. SM 48817). A possible problem
was that the modules might interfere with the field of view of the sensors;

however, this is a secondary problem, dependent on the combination of

vehicles being stowed.
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Effects of the radial storage on the EC/LS system were favorable because
of reduced radiator shadowing and radiator installation problems. Increased
volumes from the stowed vehicles present no problems and the modules will
carry any specialized circulation systems as basic equipment. Leakage
from the attached vehicles will be controlled by opening the ports only when

necessary.

2.2.4 Experiment Bay

The experiment plan of Task II identified over 20 instruments requiring
Earth-pointing sensors. Since each instrument is used for five separate
experiments (average), the number of potential assembly and disassembly

events approaches 200.

The time-line analysis of the 48-hour study of Task III, noted in Table 2-1,
shows that the majority of the 9 man-hours are required by the EVA and not

the sensor installation; the time spent may, therefore, be considered lost.

Table 2-1
SENSOR MOUNTING ACTIVITIES TASK' BREAKDOWN

Tasks Men Minutes Man-Hours

Obtain experiment equipment 2 30 1. 00
Transfer equipment and don suits* 3 15 0. 75
Denitrogenate 3 45 2. 25
Exit procedures* 3 50 2.50
Install sensors 2 120 4. 00
Monitor EVA=* 1 120 2. 00
Entry proceduress 3 30 1. 50

14. 00

*Tasks caused by extravehicular activities (requires 9.0 man-hours)
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Since crew time available for experimentation on MORL during a 3- to 5-
year mission is worth from $40, 000 to $60, 000 per man-hour, it seems
advisable to find an alternate technique for mounting external sensors to
eliminate as much EVA as possible. One approach explored was to build an
experiment bay in the Hangar/Test area of the laboratory, allowing sensor
assembly in a pressurized environment, followed by exposure to space for

experiment performance.

Since some instruments use sensors large enough to make mounting them in
an experiment bay impractical, provisions must be made for separate exter-
nal mounts as well. Table 2-2 lists instruments used in the experiment
program; those instruments with sensors probably small enough to fit into
an experiment bay, and those with sensors so large they would require
external mounts. Table 2-2 also lists the number of separate expe‘riments
each instrument is used for. Of 22 instruments, 15 could have sensors
mounted in the bay, which involves nearly 60 experiments; this is a potential
saving of about 120 assembly and disassembly EVA events, or about 1, 080

man-hours.

A major factor to be considered in the design of an experiment bay is that
many of the experiments identified in Tasks I and II require precision attitude
alignment of instrument sensors to the laboratory inertial reference system
in order to achieve the pointing accuracies required. Also, once alignment
is secured, it must be maintained by‘isolating the sensors from disturbances
within the laboratory. To maintain this precise alignment on several sensors
operating nearly concurrently, a rigid sensor-mounting beam was proposed
in Task III. Utilizing this rigid beam (mounted so as to keep the beam in a
stress-free state by isolating it from laboratory body-imposed strains) and
the optical and mechanical alignment techniques described in Book 3 Douglas
Report SM 48817, sensor attitude align;‘nent accuracy of #0.01° can be
obtained; this accuracy meets or exceeds the requirements of over 90% of
the experiments in the data bank. The sensor-mounting beam must be incor-
porated in any experiment bay design. The beam should include mounting
provisions for precision attitude reference system components (the single-
gimbal triad and the two-star trackers), a horizon sensor, and optical

alignment equipment, in addition to the experiment equipment.




.
| '
]

Table 2-2

EXPERIMENT BAY UTILIZATION
(BASED ON EXPERIMENT PLAN)

No. of
Instrument Experiments
Instruments with Sensors that Could Be Mounted Inside Bay
Optical driftmeter 5
Optical camera 5
Visible radiometer (wide-band) 4
Visible radiometer (dual-channel) 5
Visible polarimeter 2
Television (high-resolution) 6
Television (dual-channel) 4
Dual star tracker 6
UV spectrometer 5
UV radiometer (dual-channel) 2
IR radiometer 5
IR interferometer 4
IR camera 2
IR spectrometer 2
Multislit/multidetector grating IR/spectrometer 2
Subtotal 59
Instruments with Sensors that Would Be Mounted Outside Bay

K-band radar profilometer 3
K- or C-band radar 6
S-band polarimeter 7
Microwave radiometer 6
LIDAR (laser detection and ranging) 10
Searchlight and detector 2
Directional spherics receiver 3
Subtotal 37

TOTAL 96
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The requirements that originated from Task III dealt mainly with assuring
precise sensor attitude alignment. The simplest approach which achieves
this requirement is to provide a rigid beam on the outside of the laboratory.
However, the number of instruments involved and the resultant EVA events
led to consideration of an experiment bay which would allow suitably sized

sensors to be mounted, aligned, and maintained on the beam in a pressurized

environment.

2.2.4.1 External Sensor-Mounting Beam (No Bay)

A sensor beam is mounted outside the laboratory onthe bottom of the Hangar/
Test area (the nose), as shown in Figure 2-11. As noted above, the require-
ment for this beam was generated during the 48-hour study, which specified
a rigid base for common mounting of experiment sensors and components

of the precision attitude reference system. The experiment plan, as defined
in Task III, contained many Earth-centered experiments in the fields of
oceanography and meteorology. Since most of the sensors are thus pointed
in the same direction, a single mounting structure at one location on the

laboratory will suffice. The major advantages of this concept and location

are noted below:

l. A rigid, simple structure.

2.  Minimum weight penalty.

3. The exterior position of the beam allows more sensors of larger
sizes to be mounted than other concepts.

4. The exterior beam position intrudes the least into the Hangar/Test

area, and causes the least compromise to use of that interior
volume.

5. Access is provided to attitude reference system and horizon sensors

from Hangar/Test area.

Major disadvantages of this concept are noted below:

l. Sensor installation, maintenance, and disassembly requires extra-
vehicular activity.

2. Optical alignment equipment must be mounted outside; this results
in continuous space exposure of optical components and necessitates
a long optical path with potential relative motion between internal
and external alignment equipment.
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3. Sensors are continuously exposed to the orbital environment.

Temperature control may be necessary for the beam, to prevent
thermal stress from causing distortions and misalignments.

5. Maintenance of mechanical alignment and checkout of optical
alignment between sensors in equipment airlock (for instance, a
camera) and the sensor beam may be a problem.

6. The beam requires the largest launch protection fairing of all the
concepts.

2.2.4.2 Internal Sensor-Mounting Beam (No Bay)

This concept is merely a variation; in this case, the beam is mounted inside
the Hangar/Test area with universal sensor-mounting posts extending
through the laboratory pressure shell, Figure 2-12. The main advantages
of this approach are as follows:
1. Mounting the beam inside assures a more stress-free environment
because minimum thermal stresses are imposed on the beam.

2. The majority of alignment equipment is inside the laboratory,
except for optics at the sensor-mounting pads.

3. It may be the lightest of all concepts.

4. The structural concept is simple except for load-balancing flanges
and seals, where sensor-mounting posts penetrate the skin.

5. It allows growth to larger sensors, although the total number of
sensors that can be mounted would probably be more limited than
in the case of the external beam.

6. It allows access to the attitude reference system and horizon
sensors from the Hangar/Test area.

7. The concept has minor intrusion into the Hangar/Test area, and
it would not seriously compromise future use of that interior
volume.

Disadvantages of this concept are as follows:
1. Sensor installation, maintenance, and disassembly require extra-
vehicular activity.
2. Sensors are continuously exposed to the orbital environment.

3. Sensor-mounting pads require multiple penetrations of its pressure
shell with attendant (minor) structural complexity and increased
probability of laboratory atmosphere leakage.
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.

4., Some optical alignment equipment must be mounted outside the
laboratory, which complicates alignment system design and exposes
some optical components continuously to the orbital environment.

5. Launch protection fairings are required for sensor-mounting pads.

2.2.4.3 Experiment Bay with Flat Pressure Bulkhead

As shown by Figure 2-13, this concept provides a separately pressurizable
section of the Hangar/Test area by partitioning the bay area, with a flat
pressure bulkhead or floor. * After experiment sensors have been installed

in a shirt-sleeve environment, the bay can be evacuated and a pressure door
opened to expose the sensors. This door spans 90° of the hangar circum-
ference and extends the full length of the bay. The sensor-mounting beam is
located just on top of the pressure floor, insidethe environmentally controlled
area of the hangar. Sensor units which are to be mounted in the bay are
installed onposts integralwith the beam and whichprojectthroughthe pressure
floor. There are two external sensor-mounting posts which are also integral
with the beam but located between the bay aft end bulkhead and the hangar/
control deck pressure bulkhead. These posts are for those sensors too large
to be mounted inside the bay. An experiment airlock is positioned on the
forward end of the beam and penetrates the pressure floor; when the bay door
is open, experiments can be placed in the orbital environments from the
hangar area. When the bay door is closed, the airlock can be used as a
passageway between the hangar area and the bay. Normal access to the bay

area is through an entrance hatch in the experimental control center station.

To form the pressure-tight region of the bay, each end is sealed to the MORL
by pressure bulkheads. The area between the end bulkheads is sealed from
the hangar area by the pressure floor so that it is open to space. Seals need
not be provided for the external sensor-mounting posts aft and the attitude
reference sensor-mounting well forward. The well located at the front end
of the hangar area is provided for the permanent installation of the star
trackers and the horizon sensors. The attitude reference sensors are
mechanically tied to the mounting beam for precise alignment of experiment
sensors. The well is sealed at the pressure floor and is open to the inside
hangar area for shirt-sleeve access to the precision attitude reference sys-

tem components,
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The sensor-mounting beam is structurally isolated from all laboratory pres-

sure shell flexures caused by temperature and pressure variations, and it

provides the necessary required rigid-machined mounting plates to maintain

mechanical alignment between sensors. Since the beam is located inside an

environmentally controlled area of the laboratory, movement of the beam as

the result of thermal gradient stresses are minimized.

Major advantages of this concept are as follows:

1.

Most sensors can be assembled, maintained, and disassembled in
a pressurized environment.

Sensors mounted in the bay can be optically aligned in a pressurized
environment. A majority of alignment components are always in

a pressurized environment, since the mounting beam is always
inside the laboratory.

Thermal gradient warping of the beam is minimized by the
interior location.

Sensors can be shielded from orbital environment by closing the
bay when experiments are not in progress.

The design permits shirt-sleeve access from the hangar area to
precision attitude reference system and the horizon sensor
components.

Launch protection fairing requirements are minimized; the bay
door provides the main protection, but provisions must be made
to shield the horizon sensors, the aft exterior sensor-mounting
posts, and their cutouts.

Major disadvantages of this approach are noted below:

It is probably the heaviest concept, adding approximately 1, 000 1b.

Complex structure and mechanism is required, particularly the
bay door with its pressure seals and actuating mechanism.

Multiple penetrations of the pressure shell are required for sensor-
mounting posts, attitude reference sensors, and experiment air-
lock, each with pressure compensation flanges and seals.

The bay must be pumped down each time the door is opened, which
causes some additional complexity in the EC/LS system.

Sensor growth in the bay area is limited in size and numbers
because of bay space limitations.

Extravehicular activity is still required to mount large sensors
on the aft exterior posts.




' ‘ |
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7. Internal access to bay-mounted sensors is limited because of
shallow space between the flat pressure floor and the bay door;
the entrance hatch is also fairly small (about a 30-in. diam).

8. Equipment or samples in the experiment airlock can only be
exposed to space when the bay door is open.

9. The bay concept compromises the flexibility and use of the Hangar/
Test area interior volume by segregating a fixed portion for sensor
installation.

10. Sensor field of view inside the bay is restricted by the bay walls.

11. The bay door must be at least partially closed during docking
activities, probably restricting sensor performance and disrupting
the experiment program.

12. Extravehicular activities are necessary to maintain portions of the
bay and bay doors (notably the vulnerable seals).

2.2.4.4 Experiment Bay in Nose

This arrangement requires that the MORL be placed in a nose-down attitude
during the performance of Earth-centered experiments. The forward end of
the Hangar/Test area becomes the experiment bay, as shown in Figure 2-14.
This forward area is sealed from the rest of the hangar by a flat pressure
bulkhead. A central hatch allows access to the bay when the nose docking
port is closed. The sensor-mounting beam is on the inside of the pressure
bulkhead in the environmentally controlled region of the hangar. An exten-
sion of the beam goes up the side of the nose to the hangar/control deck bulk-
head so that the precision attitude reference system star trackers can be
mounted near the laboratory's constant-diameter section, permitting a good
view of the star fields. Sensor-mounting posts are arranged around the
periphery of the central hatches and extend through the pressure bulkhead
and the nose structure. The horizon sensors are mounted in a well that
extends from the pressure bulkhead through the nose structure, allowing
pressurized access to these components. This concept would be most effec-
tive if radial docking were acceptable. Experimentation must be suspended

during docking operations.

This approach was primarily the result of an investigation of potential reac-
tion control propellant saving that might result from a nose-down attitude.

However, it was found that the baseline (belly-down with the laboratory
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EXPERIMENT BAY

SENSOR MOUNTING BEAM PRECISION ATTITUDE

REFERENCE \

STAR
TRACKERS

\ APOLLO SPACECRAFT

TYPICAL SENSOR ~ %
EXPERIMENT . - TS~ HORIZON SENSORS

Figure 2-14 MORL with Experiment Bay in Nose

X-axis aligned to the velocity vector) is the most economical; this and the
fact that nose docking is the baseline method led to eliminating the experi-

ment bay in the nose from further consideration.

2.2.4.5 Experiment Bay with Conical Pressure Bulkhead (Figure 2-15)

This configuration is essentially similar to the experiment bay with a flat
pressure bulkhead. Major differences, as shown in Figure 2-15, are in the
shape of the pressure bulkhead and the relative position of the sensor-
mounting beam; the bay door is hinged further forward and the locations of
the experiment airlock and the horizon sensors are therefore affected. To
minimize the structural weight penalty imposed by the bay, a conical bulk-
head, of the same shape as the hangar cone, is usedinstead of the flatpressure
bulkhead of Concept 3, presented in Section2.2.4.3. This conical bulkheadalso
allows better access roomtobay-mounted sensors, and alarge entrance hatch

(36-in. diam). The beam is positionedas it was in Concept 3. However, now the
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pressure bulkhead is above it and the beam is exposed to space when the
bay door is opened. Sensors can be mounted directly to the beam and not
to posts extended through a pressure bulkhead. Because the beam is exposed
to space during experimentation, it must be sufficiently insulated so that no

appreciable temperature gradients can be created that could warp the beam.

The whole bay is further forward in position than in Concept 3. The aft end
of the bay is 42 in. forward of the main compartment bulkhead and is closed
by a flat pressure bulkhead which ties to the forward caps of the compart-
ment bulkhead support beams. The bulkhead support beam which lies in the
plane of the centerline of the experimental bay is divided into two beams,

40 in. apart, for a little less than half its length. Those beams are pressure-
tight sandwich bulkheads that are bolted to the main compartment bulkhead
and the experimental bay end bulkhead. The 42-in.-high by 40-in.-wide
rectangular experiment airlock that is formed By this arrangement is closed
at its in-board end by a rectangular hatch that hinges back against the main
compartmenting bulkhead. Thus, the experiment airlock can be used even
when the bay door is closed; however, there is a problem of limited access
to this hatch because of its location between the support beams. A circular
hatch, 38 in. in diam, closes off the out-board end of the airlock. Two
external mounting posts for large sensors and the horizon sensors are
located on either side of the experiment airlock, at the aft end of the bay.
The star trackers remain at the forward position, but the horizon sensor
has been moved aft because of potential interference with the door and hinge
mechanism. Pressurized access to the horizon sensors is available at all

times, and is also available to the star tracker when the bay door is closed.

Major advantages of this concept are as follows:

1. Many sensors can be assembled, maintained, and disassembled in
a pressurized environment.

2. The conical bulkhead provides an efficient, pressure-tight bay
design with resultant small weight penalty.

3. The conical bulkhead allows good access to sensors mounted in the
experiment bay, and provides a reasonably large access hatch.

4. Because of the forward position of the bay, the experiment airlock
can b~ Incated aft of the bay and can be used when the bay door is
close .

.
~ .
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5. The mounting beam position outside the conical pressure bulkhead
simplifies sensor mounting and eliminates the requirement for
load-balancing features on the sensor-mounting posts.

6. The bay-mounted sensors can be optically aligned in a pressurized
environment,

7. Sensors can be shielded from orbital environment by closing the bay
door when experiments are not in progress.

8. Access is possible to precision attitude reference system star
trackers and the horizon sensors in a pressurized environment.

9. Launch protection fairing requirements are minimized; the only
shielding required, other than that provided by the door itself, is
for the star trackers, horizon sensors, aft external mounting posts,
and their cutouts.

Main disadvantages of this configuration are noted below:

1. Complex structure and mechanisms are required for the door, its
pressure seals, and actuating mechanism.

2. A significant weight penalty to the laboratory is imposed by the bay,
(approximately 600 1b), even though it is lighter than the flat bulk-
head presented in Section 2. 2. 4. 3.

3. This concept intrudes the most into the hangar area, possibly com-
promising the future flexibility of the hangar interior.

4, There are multiple penetrations of the laboratory pressure shell
required for the bay door, star trackers, horizon sensors, aft
sensor-mounting posts, and experiment airlock.

5. The bay must be pumped down each time its door is opened, which
makes for additional complexity in the laboratory EC/LS system.

6. Sensor growth in bay area is limited in size and numbers.
7. Access to the experiment airlock is limited.

8. Field of view of sensors mounted in the experiment airlock may be
restricted by radially stowed logistics modules.

9. Extravehicular activity is still required to mount large sensors on
aft exterior posts, or to maintain portions of the bay.

10. Sensor field of view inside the bay is restricted by the bay walls;
the open bay door also restricts the field of view of the external
sensors and the star trackers.

11. The bay door must be at least partially closed during docking
activities, which may interrupt the experiment program.

12, The beam is exposed to space, which could result in thermal
gradient stresses and warpage.

13. Horizon sensors are separated from precision attitude reference
system star trackers.
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2.2.4.6 Selected Configuration

The experiment bay with the flat pressure bulkhead (see Section 2. 2. 4. 3)
was chosen as the baseline configuration. It allows internal sensor mounting

and intrudes the least into the hangar area.

Relationship of the experiment bay to the MORL hangar area and arrange-
ment of the various components are shown in Figure 2-16. Major components

that form the bay are:

1. Pressure bulkhead and floor.

2. Two sets of end bulkheads.

3. Meteoroid shield.

4. Bay door and actuator.

5. - Sensor beam.

6. Precision attitude reference and sensor mounting well.
7. Experiment airlock.

8. Experiment mounting pads (interior and exterior).

To add the bay to the hangar area requires that a l.ongitudinal bulkhead be
introduced to complete the pressure shell at the bay cutout and provide a
tension tie across the hangar shell at the point of discontinuity. To complete
the pressure shell, the bulkhead or floor is also attached and sealed to the
front pressure dome and to the rear flat bulkhead which form the operation

compartment floor.

Each end of the bay is enclosed by a bulkhead, which is sealed to the floor,
to help form a pressure-resistant area. The area adjacent to each end bay
bulkhead is open to space, to relieve the necessity of providing seals around
the sensor-mounting posts (aft) and the sensor-mounting well (forward).
Installed within the experiment bay and just under the pressure floor is a
meteoroid shield. When the bay is open and exposed, there is the possibility
of meteoroids entering and striking the upper surface of the bay area. For
belly-down orientation, the path angle of the meteoroid to the vertical axis

of MORL cannot exceed the horizon look angle of approximately 74°, or a
maximum strike angle to the bay roof of approximately 28°. However, for

other orientations of the MORL, the meteoroid strike angle could be as high
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as 90° to the bay roof, and protection against the possibility of meteoroid

penetration is provided by this shield.

The bay door and actuating mechanism complete the bay and serves the

dual function of providing an aerodynamic cover in the launch phase and a
meteoroid shield and pressure seal in the experiment phase. Two straps
are used to attach the door to the actuating mechanism and to provide clear-
ance around the horizon-sensor well. A motor and speed-reduction unit

is used to open and close the door, in the following sequence:

1. The door is rotated until it has almost reached the closed position.
2. Ledges on the door side move into recesses in the hangar structure.

3. When the door edges contact the MORL structure, the door rotation
is stopped.

4. At the end of the rotation cycle, the actuator moves the door parallel
to the bay sides, a distance of 2.5 in. This lateral movement slides
the door until all projection lips or ledges are under the corres-
ponding ledges of the structure.

5. After the actuator has stopped, the door is mechanically locked
to the hangar structure by engaging the lock ring at the aft end.

6. The seal ring around the periphery of the door opening is inflated
and the experiment bay is pressurized.

One of the requirements of the experimental program is for an angular
alignment tolerance of 0. 01° between the precision attitude reference and
the installed experiment sensors. To meet this tolerance, a rigid beam is
provided, isolated from all structural loads and movements; it provides a
rigid tie with machined mounting plates between sensors to maintain
mechanical alignment. Stresses and movements introduced by temperature
gradients are minimized, since the beam is located in the environmentally
controlled hangar. Spherical bearings are mounted on the stiffening beams
of the operational compartment floor, and stub shafts from the sensor
mounting beam provide a three-point suspension. This isolates the sensor
beam from the movements of the MORL structure, which are. caused by

temperature changes and internal pressure variations.

A mounting well is provided to support the permanent installation of star

trackers, precision attitude reference components, and horizon sensors;




¢

*,

lesuey TYOW uj weag Iosuas “9f-7 aIngdi 4

SIHONI
NI 37V0S
q . T T T T T _ T T T T T T 1 T ]|4.
002 ] 00! 0s o0
SINIWMAIXI
W01 SAVd ONLINNOW
(2 L33HS 119
1004 3dNSSIUd
<.< NOIL123S

NO Z130H

QI!HE QIOUOTLIN OAIM

TIVM TINNAL
(NOLLVLIS ™ILNID 0ULNOD

IVANINIGIAXT M) HOLVH IDONWILING

(QINIA0) WO0G 33NSSIAd AILNO A207ANV-

WY3d DONILNNOW JOSNIS

3d02S 3L /VAINYD
INIADYEL 3 DONILNIOD

W00 § AVIHNING 3ANSSIAd |T

~$

_/

a

i

AIaVYN

NOZI¥0H

SYUOSNIS NOZI¥OH

ERLENEEEL
3aNL1IV NOISI23dd

SJOSNIS NOZ150oH

NoziHor /

~—

VNNIINY N09Vdvd WA 1004 dnos
ANYE X - Y LINQIGYE JAYM OBDIW

340283711 / YIINYD
I NINIVAL 3 ONILNIOd

WY ONIINOOWN YOSNIE —

SAIANIVYL AVLS

INOZIoH
- \‘\

VNNIUNY dvavy

WNNIINY D108V3vd WG 1004 OMy
JNYE S -A31IW0lavd JAVMOAIIN {

ABLINOIGVE QIAVYIN {

31Y1d ONIINAOW
WIAANTIXT ININRE AN

M0 AV INIWRIIIXRTI

C(NOVLISOd N340
3004 3BNSSIUL FIMON
MO0V LNINNNIIXE

z/h 31vos

o M3IA -

SMOITII8 IYNSSIWd DONIONYIVE QvOol

(NO1L1S0d Q3123733Q)
d0074 1MIHE JANSSIAud

NI DS sl

WY 9NLINNOW  YOSNIS




it is located at the front end of the hangar area, and is fastened to the
sensor beam. Clearance holes have been provided in the front bulkhead and

lower hangar shell for the star trackers and horizon sensors. Because the
well is open to the inside hangar area, it allows for the removal and replace-
ment of the precision attitude reference, the horizon sensors, and asso-
ciated electronic equipment in the shirt-sleeve environment. Part of the
optical alignment equipment, used to measure the precise angular alignment

between sensors, will be located in this area.

An experiment airlock, similar to the one used in Phase Ila, is incorporated
in the bay to introduce experiments to the environment of space without
requiring extravehicular activities for the crew. This airlock may be used
in conjunction with the experiment bay sensors or for individual experiments;
use of the airlock requires that the bay door be opened. The features of
construction and operation are similar to those described in Section 2.5 of
Reference 3. When the bay is in use, the airlock lower pressure door is
opened and stowed next to the meteoroid shield. The airlock may be used

as a passageway between the hangar area and the bay when it is not in use.

Before the experiment mounting locations are made final, the projected list
of experiments must be integrated into the MORL design, and the type, size,
and number of sensors projected for use in the experiment bay'must be

determined.

Since the mounting pads, experiment airlock, and other units fastened to
the sensor beam project through the pressure shell, a flexible seal must be
provided between them and the pressure shell. A load-balancing pressure
flange and seal is provided for each unit to prevent the introduction of a
pressure load on each unit which would be transferred to the sensor-

meacunting beam. This seal arrangement is described in detail in Section 3. 3.

An access door is installed in the sensor-mounting beam for installation and
future replacement of pressure seals. Prior to seal removal, the space
between the pressure floor cutout and the projecting unit must be sealed to
prevent the loss of hangar pressure. An inflatable seal ring is installed

Lelow the bellows and around each unit to enable this pressurization. Before
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the replacement operation is started, the seal ring is inflated, which seals
off the space and allows the seals to be removed and replaced. Clearance
of the passageway is provided when the added seal ring is deflated; it does
not interfere with the bellows operation or freedom of movement of the

sensor shell or posts.

Access to the experiment bay is gained through an entrance hatch located in
the floor of the operations deck. A tunnel is installed between the two walls

to provide a pressure seal between the floor and the aft bulkhead, since the

area is open to space.

The addition of the experiment bay has imposed a number of new control and
display requirements. Controls are necessary at the master control panel
for remotely actuating components of the experiment bay. Further, it will
be necessary to monitor the status of operations involving the experiment
bay to ensure against inadvertent loss of Hangar/Test area pressure. The

control and display requirements are summarized in Table 2-3.

2.2.5 Radiation Shielding

Radiation shielding requirements in earlier phases of the MORL study pro-
gram did not appear to be particularly difficult. However, the expanded
missions analysis, conducted during the Task III responsiveness analysis
(Reference 4) introduced requirements which are more severe, especially
in the synchronous orbit case. The requirements are further complicated
by the Starfish artificial electron source, and by the number of solar flares
that are likely to be encountered in a l-year period. The shielding require-
ments for the three missions are summarized in Table 2-4, as determined
by the Shield Weight Optimization For Radiobiological Dose (SWORD)
computer program output (Reference 4). The shield thicknesses noted

are in inches of polyethylene material for six locations.
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Aluminum may be substituted for polyethylene on an equal weight basis with
essentially equal shielding; the shielding is a function of the material atomic

number, and polyethylene and aluminum have nearly equal numbers.

Table 2-4 shows that the shield weights range from 110 to 1, 900 1b for the
50° orbit missipon, depending on which governing parameters are selected,
but the weight may increase to a nominal 40, 000 1b for the synchronous

orbit; the possible range of shield weights indicated is from 4, 400 to

110, 000 1b. These weights indicate the degree of uncertainty of the environ-
ment definition, and preclude strong confidence in present radiation shield-
ing solutions. Solutions are postulated for the 505-inclination and polar-orbit
cases to better determine the configurational problems associated with
presently known radiation shielding requirements. These solutions are based
on adding shielding material to the periphery of the inhabited areas. Other
techniques are possible but were not investigated in this study; however,
several of these techniques are listed below:

1. Rearrangement of the laboratory configuration to minimize the
operating volume (or inhabited area) and to maximize the inherent
protection given by operating equipment and installations. This
technique obviously takes advantage of on-board equipment; how-

ever, it implies excellent knowledge of the mission and of the
necessary equipment to support the mission. It also restricts

flexibility.
Use of on-board supplies and materials such as water, propellant,
or food to provide shielding. This p""v1des variable shielding,

since consumables are used during the mission.

3. Use of personal shielding such as eyeglasses, vests, or smocks
which contain high percentages of shield material. The shielding
effectiveness as a function of the discomfort of such items has not
been evaluated.

4. Investigation of materials and combinations of material to decrease
unit weight for the same given shield protection. This evaluation
requires definitive knowledge of the actual environment to be
encountered; it should be readily simulated in Earth laboratories,
once criteria are established.

5. Investigation of methods of installing additional shield materials
in an orbital environment.
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6. Design and optimization of a biowell to which the crew retreats
during high-intensity radiation and normal sleep periods.

Combinations of these and other techniques will probably be necessary; for
example, small weight laminar material could be used around the vperiphery
of a vehicle with the interior arranged judiciously to provide equipment
protection. Individual shielded clothing could be worn during the waking
hours, with a bunk biowell used for sleeping. The dose rate would be higher
during the working periods, but decreases during sleep periods so that the

time-integrated dose rate is within acceptable limits.

Part of the uncertainty of the present radiation criteria has to do with the
artificial electron environment produced from the Starfish high-altitude
nuclear bomb tests. General agreement exists that the electrons will
eventually disappear, but the rate of dissipation is open to question. One
hypothesis, tentatively accepted by Langley Research Center, is that the
increased solar activity predicted for the late 1960's and early 1970's will
cause the artificial electron field to expand into the Van Allen Belt, where
it will be captured, thus leaving the altitudes beneath the belt essentially
clear of Starfish electrons. This hypothesis is accepted for this study, and
it is assumed the artificial electrons will have been dissipated by the time

the MORL is operational.

It is further assumed that shield protection for two solar flare events must
be provided, based on the 12 November 1960 solar flare event intensity.
The chance of two flare events is based on the Poisson probability distribu-
tion corresponding to the observed maximum activity portion of the 1l-year
solar cycle. (See Reference 4, Task IIl.) The probability of encountering
two events in a 12-month period is approximately 0.27, whereas the prob-
ability of three events is about 0. 08. Should these events actually be

encountered the crew would have to be relieved.

The following sections describe the shielding for each mission, using these
assumptions. It is emphasized that only the 50° inclination orbit mission

definition is considered as a baseline change.




Shielding requirements are not severe for the 50° inclination baseline
mission, using the specified environment, which minimizes artificial
electrons. The requirements can be met by adding 165 1b of shielding to
the aft dome. This increase requires an additional 20 mils in the material
gage, which provides shielding for 365 days of crew exposure and two solar
flares, and simultaneously increases the structural pressure safety factor
and meteoroid penetration protection. Protection against two solar flares
causes a weight penalty of 55 1b over the single solar flare shield weight in
this case, and provides for a high probability of mission success. No

internal rearrangements are required.

Two solutions were considered for the polar orbit case: use of the baseline
structure plus a biowell, for a total weight penalty of 330 1b, or an increase
of the shield material at the periphery, without a biowell, for a total weight
penalty of 1, 820 1b; either method allows 180-day exposure time and pro-

vides protection for two solar flares.

In the first case, the baseline structure could be used without change since
the increased dome thickness is less than that required for the baseline

50° inclination orbit. The biowell could then be added by placing polethylene
material on the operations bay floor, ceiling, and sidewall, as noted in
Table 2-4, Case 28. The polyethylene might be in large panels adhesively
attached without disrupting either the arrangement of the equipment or the
installations. Total added weight would be only 330 1b, but retreat to the
biowell, with the consequent interruption of station activity, is necessary
during each solar flare. Depending on the duration of the flare, this could
be an annoying restriction, although necessary vehicle functions can be

performed from this location.

The second case allows complete flexibility within the laboratory, since the
peripheral shielding gives adequate protection against solar flare events.
It is the preferred solution at this time because the weight can easily be

accommodated by the Saturn V booster.

The shield thickness requirements are noted in Table 2-4, Case 26. The

dome thickness is the same as the baseline gage and the dome structure is
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used intact. The sidewall and floor shielding require minor structural
changes. The sidewall aluminum equivalent of the polyethylene is about

130 mils; it is best added to the pressure shell, as shown in Figure 2-17,

The revision could be made without a large tooling change because the side-
wall is router-milled of plate stock, and an increase in the sidewall gage
requires only a lighter cut. The floor could also be revised without an
extensive tooling change, by increasing each face of the sandwich-constructed
floor by 36 mils; no manufacturing process changes are necessary for the

thickened faces.

All of the shielding requirements noted in Table 2-4 are beyond the ability
of the Saturn V booster to lift into synchronous orbit with a MORL vehicle;
the shielding weight is limited to about 25, 000 1b, to allow integral launch.
Because of this considerable weight, the other shielding techniques outlined
previously need to be evaluated before a valid shielding design can be
recommended. Furthermore, the Task III (Reference 4) analysis shows
that the electron field at synchronous altitude may vary by as much as a
factor of 10 because of actual environment uncertainty; this results in a
shield variation of 4,400 to 110,000 1b. These weights generated an

investigation into the problems associated with thick radiation shields.

Heavy shielding may be added to the laboratory at launch time or it may be
supplied and attached to the laboratory in orbit. The latter case, however,
would expose the crewman for a considerable period of time to the extra-
vehicular environment, in which his only protection from radiation is his
pressure suit and whatever personal protection he can wear; such exposure
is unreasonable. Attachment of shielding internally, where the crewman is
more protected, involves access to the entire periphery of the habitable
volume and the movement of nearly all equipment installation; this approach
is also of marginal validity. Also, th.e cost of the launch to supply the
shielding essentially doubles the initial mission cost. For these reasons,

separately supplied shielding installed in orbit was not investigated further.
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Figure 2-18 shows how 25, 000 1b of peripheral shielding would be utilized.
This is the boost limit for a synchronous orbit mission MORL. The required
shield thicknesses were derived from Case 37 of Table 2-4, adjusted for a

total weight of 25, 000 1b.

In the concept shown in Figure 2-19, the baseline load-carrying outer shell is
revised to make it a fairing and radiator only, and the shield material is added
to the pressure shell, which is converted to the load-carrying member. Mete-
oroid penetration protection is assured by the thickened basic pressure shell.
The radiator structure provides protection during boost for the aluminized
Mylar layers used for thermal control. The baseline pressure dome is con-
verted to a plate supported by a tension member, which transmits the dome
pressure loads tothe beam-supported Hangar/Test area bulkhead. This is neces-
sitated by the impracticality of stretch forming 1.7 in. thick material. The
plate is placed 80 in. from the centrifuge, making a second deck that is the
same size as the baseline operations deck. The pressure shell and EC/LS
radiator assembly are thermally insulated from the load-carrying aft inter-
stage area by short length of fiberglass honeycomb section. The aft inter-
stage skin is straddle milled from 1/4 in. plate. Corrugated frames which
also support the power system radiator tubes, provide the required circum-
ferential stiffening. The internal arrangement of the basic laboratory sys-

tems are as shown in the baseline.

Because of study time limitations, no attempt was made to optimize the
laboratory, and the lack of shielding in the Hangar/Test area would restrict
its use to occasional experimentation setup or transit to and from the logistic
vehicles. Operation of the hangar equipment must therefore be from the
operations deck, which adds considerable load to that area. In addition, the
tension member which runs through the laboratory restricts interior flexi-
bility. The example illustrates that the structural problems associated

with heavy shields can be solved, and that weight, cost, and flexibility

(rather than structural feasibility) are the paramount problems.
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The following sections describe the analysis used to substantiate the

structural design.

A design-pressure differential of 17. 5 psi was selected for the flat compart-
menting bulkhead between the hangar and operations decks. The maximum
stress in a 45° segment which is simply supported on all sides by the support

beams is given by

2
S_t - Q114 Za (Reference 5) (2-1)
t
The required monocoque thickness is
0.114 x 17.5
t = 130\/ - = . in, -
67,000 0.71 in (2-2)

Since this is greater than the thickneg;s required for shielding, a sandwich
construction must still be used. The required core thickness is estimated
by equating the I/C for the sandwich with that required for the monocoque
bulkhead.

2
(2] 1 e
z2 "2 £*h Y

I/C =
xtf
2
= (0. 71) 0. 084
6

_ 0.53 _
t; = 5= 0. 265
h = 0.224 = minimum required core thickness (2-3)

To provide an increased margin of safety at a very small increase in weight,
the aft face of the sandwich-compartmented bulkhead for the synchronous
orbit mission is machined from 0. 750-in. plate, so that the core thickness

used is 0. 750 minus 0. 265, or 0.485 in.

The 0. 80-in. thickness specified for the cylindrical portion of the pressure
shell can be readily power-brake-formed to the cylindrical contour. To

facilitate welding of this thickness, the most weldable aluminum alloy that
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is available in large plate sizes can be selected. Since the working stress
level is so low (1,140 psi), the alloy strength is of little consequence except
in the area of the bolted end joints. For this reason, 6061-T651 plate is

used for the cylindrical portion of the pressure shell for the synchronous

orbit mission instead of 2014-T651.

If the shield material is added to the pressure shell, the resultant weight is
beyond the axial load capability of the cylindrical portion of the pressure
shell; it is therefore impractical for this mission to suspend the pressure
shell within a load-carrying outer shell. The cylindrical part ofthe pressure
shell is 204.13 in. long. The resulting surface area is adequate for the
reduced EC/LS radiator requirements on the synchronous orbit mission.
The flight loads are therefore carried through the thick monocoque pressure
shell. A fairing, spaced away from the pressure shell, serves as the mount-
ing surface for the radiator tubes and protects the aluminized Mylar insula-
tion around the pressure shell from the boost environment. The super
insulation is still required with this revised structural arrangement, to keep

the temperature of the pressure shell walls from falling below the dew point

of the laboratory atmosphere.

The hangar portion of the pressure shell is unchanged from the baseline

design, being bolted to the compartmenting bulkhead.

The conical portion of the outer shell is not required for radiator area for
the synchronous orbit mission. A sandwich construction, with 0. 020-in.

aluminum faces and a truss-grid aluminum honeycomb core is therefore

used.

The loads on the aft interstage are significantly increased over those
imposed by the baseline configuration because of the-increased launch
weight. No flight loads analysis has been conducted for this configuration
for the synchronous orbit mission. However, it is safe to assume that the
load will not exceed the design load for the Saturn IVB forward interstage
(1,318 1b/in. ) since the synchronous orbit payload capability of the C-5
booster (60, 000 1b) is slightly less than for the lunar mission, and the S-IVB

forward interstage is designed to accommodate the loads imposed by the




lunar mission payload. An interstage design with this load-carrying
capability, and which efficiently integrates the power systems radiator with

the interstage structure, is shown in Figure 2-19,

The total length of the MORL configuration for the synchronous orbit mission
is the same as the length of the baseline configuration. Since the require-
ment for radiator area is reduced for this mission from the baseline config-
uration, the radiator was removed from the conical portion to simplify the
structure. If more radiator area is desirable than is available on the pres-
ent 29.5 ft of cylinder length, it can most easily be incorporated into the
meteoroid shield, which closes off the end of the aft interstage, or into the

conical section.

The hemispherical shape used for the aft dome on the baseline configuration
was selected to minimize the weight of the pressure shell and to make use
of existing tooling and a developed manufacturing process. However, the

1. 7-in. dome thickness specified as a radiation shielding requirement for
the synchronous orbit mission makes these reasons no longer valid. The
stress is maximum at the center of a flat monocoque bulkhead that is
substituted for the hemispherical aft bulkhead. The maximum stress is
given by

2

S = 1.24 p( ) (2-4)

rflm

If this thick flat bulkhead is designed for 17.5 psi, which seems reasonable

because of the great damage resistance of this bulkhead, the required thick-

B \/l.24 x17.5 _ .
t = 130 _67, 000 = 2.38 in.

Since this is greater than the 1. 7-in. thickness required for radiation shield-

ness is

ing, some means of support must be provided if a flat aft bulkhead is to be
used. Four support beams are used for the flat compartmenting bulkhead.
These beams can also be used to support the flat aft bulkhead, by employing

a single tension member extending aft from the center of the compartmenting
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bulkhead to the center of the aft bulkhead. In this case, the support beams
will experience their maximum load when both the hangar and the main com-
partment are pressurized, and will be unstressed when the hangar is pumped
down. The design load in the tension member can be estimated by equating
the deflection 20 in. from the center of the bulkhead caused by a uniform

pressure differential of 17.5 psi, to the deflection from a uniform load

applied on a concentric ring 20 in. in radius (see Figure 2-18). Then, from

Reference 5:

3 2

2 4
pa_1,,2,.T _ _ 2 SrZ] . Aw 1.25(a° - r%) -2r° log 2
3Et 2a

rZ a2 - rz)] (2-5)
4a2

by takingm = 3 (v = %) and combining Cases 1 and 3

p = 17.5psi, a = 130in., r = 20 in.

from whichw = 400,000 1b

If 160, 000-psi heat-treated titanium is used for the tension member, its

cross-section area will be

400, 000 _ . 2
160, 000 - 2.50 in.

and its weight, less the weight of the end fittings, is given by
2.50 (204) 0.16 = 81.51b
The maximum shear load in each of the support beams is

400, 000

3 = 50,000 1b

and the shear flow, which is now constant, is

50, 000

12 = 1,190 1b/in.




"
.

A corrugated shear web, brake-formed from 0. 045-in. sheet with a b/t of

40, is selected. From Figure 3-4,

. 7
h/t = =575 = 934

the allowable stress is 29, 000 psi, and the allowable shear flow is:
29, 000 x 0. 045 = 1,300 1b/in.

Because the beams must still be designed for the loading condition which
results from evacuating the main compartment while maintaining the hangar
pressurized, 0. 050 must still be used for the outboard 8 in. of each beam
shear web, as shown on Page 126. With both the hangar and the main
compartment pressurized, the maximum bending moment in each support

beam is

6

50,000 x 130 = 6.50x 10" in. /1b

Since this is’considerably higher than the design condition for the baseline
configuration (2, 520, 000 in. /1b) a new weight must be estimated for the
beam caps. The required cross-sectionalarea at the center (with 7075-T6

caps) is:

6.5x106 2

iz x 77,000 - 2-0lin.

A straight-line taper to 0.1 in. 2 at the end is used and the resulting weight

for one beam cap is:
<§——°—1—2t—9—1> 260x 0.1 = 27.5 1b

The total weight of the beam caps is
2x27.5x4 = 2201b

The weight of one beam shear web is 0.1 x 42 x% (0. 045 x 244 + 0. 05 x 16) =

66.1 1b. The total weight of the support beams for the synchronous orbit
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mission is thus 220 + 4 (66.1) = 484 1b. The weight of the support beams
for the baseline configuration was 347 1b, sothat 137 1b must be added to
the beams to permit the use of a flat aft bulkhead for the synchronous orbit

mission.

The maximum stress in the l. 7-in. ~thick flat bulkhead will occur at the

support ring, and can be calculated by again combining Cases 1 and 3

(Reference 5).

Maximum stress (Sr)with r = 20 = r s is given by:
- 2
w a o 1.25p [ 2 2]
S, = 1+ 41log — - - a -r
r 211'1:2 T aZ 1:Z
where
a = 130

p = 17.5 psi

400, 000

b
I

from which

max Sr = 57,000 psi (at ultimate pressure)
and maximum working stress is

7z 67, 000)" = 22,800 psi. (2-5)
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2.3 DESCRIPTION OF BASELINE CHANGES--INTERNAL

Earlier studies in the MORL program placed special emphasis on providing
a large laboratory volume to accommodate a diversified experiment
program within the 260-in.-diam envelope restriction. During this phase
of the study, the interior was evaluated more fully with respect to the
expanded experiment program. In certain areas, the laboratory was
inadequate; however, for the most part, the Phase Ila MORL was satisfac-
tory. The philosophy of separation of living and working areas is compatible
with the experimental program requirements and, for this reason, the
major laboratory layout was not revised despite the extensive nature of the
revision to the Hangar/Test area. The primary revisions expanded the
console and experimental test facilities; major changes were restricted to

the Hangar/Test area and the operations deck.

2.3.1 Hangar/Test Area

The Hangar/Test area is shown in Figure 2-1. It was completely revised as
indicated by the following items:
1. Conversion of the common pressure bulkhead from a dome to a
flat floor.

2. The incorporation of eight deep-section beams to support the
pressure bulkhead and the logistics vehicle stowage ports.

3. The addition of six radial Apollo and MMM stowage ports.
4. The addition of an experiment bay.

5. Installation of an equipment mounting beam for experiments
and operating equipment.

6. The addition of two experiment console work stations.

7. Conversion of the toroid pumpdown tank to two tapered cylindrical
tanks.

8. Relocation of the control moment gyros to the hangar from the under
floor area of the operations deck.

9. The addition of a handling system for the maneuver of large or heavy
items in the hangar area.

10. Deletion of the cryogenic atmospheric supply tanks.

11, Complete rearrangement of the Hangar/Test area and installation
of miscellaneous storage and handling equipment.
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The flat beam-supported common bulkhead is necessitated by the addition of
the experiment bay and the radial stowage ports which would interfere with
the domed bulkhead. No changes are necessary to the external outline, or
the pressurized volume. The annular space between the operations deck
floor and the ddmed common bulkhead is effectively relocated in the Hangar/
Test area. This enables the relocation of the control moment gyros and other
equipment to the space between the floor beams, where it is more accessible.
Crawlway space for entry into each radial stowage port has to be maintained,
but there is space for storage of items or installation of equipment on either

side of the stowage ports and in the central floor region.

The experiment bay is located longitudinally along the nose belly. It retains
the equipment airlock for exchange of smaller items into the space environ-
ment; the experiment bay door must be open for experiment airlock use.
The equipment mounting beam is integral with the experiment bay and is used
for mounting equipment which must maintain close accuracy and alignment
with the MORL inertial reference and/or with each other, Several items are
permanently installed on the beam because of their frequency ofuse or because
of the difficulty of installation; among these items are the stellar and horizon
attitude reference sensors, the inertial reference platform, the pointing and
tracking telescope, and the experiment airlock. Mounting pads which extend
through the pressure shell are used for numerous experiments. Assembly
and alignment of the experiment is accomplished in a shirt-sleeve environ-
ment. Access to the experiment bay is provided by two methods: (1)through
a hatch located in the operations deck, or (2) through the opened external
doors. The former method is used for smaller items and the latter method
is used for large or preassembled items; final adjustment and alignment is
conducted from the pressurized shirt-sleeve environment of the experiment
bay in either case. However, the initial installation must be accomplished

extravehicularly if access through the external door is used.

Two individual console work stations are located adjacent to the experiment
bay, one on each side of the experiment airlock. Thus, excellentaccess-
ibility and flexibility is available for the installation, maintenance, and con-

trol of experiments in either the airlock, the experiment bay, or the hangar.
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One of the consoles is located directly beneath the scientific test console in
the operations bay to provide short wire runs and other advantages for experi-
ments which require close coordination or communication with the operations

deck.

The consoles will be used primarily for experiments and, therefore, they
must provide flexibility for multiple installations of control, test, and experi-
ment support equipment, such as power supplies or IR cryogenic coolants.
Electronic cooling will be provided®by the standard laboratory system.
Control of certain hangar equipment, such as the experiment airlock,

will be conducted from one console or the other. The two consoles
provide approximately 16 sq ft of panel space and 55 cu ft of volume for

experiment installations.

Support equipment for the operation of the Hangar/Test area is located adja-
cent to one of the two pumpdown tanks. The support equipment is typified by
the hangar EC/LS system and the pumpdown equipment for the experiment

bay, airlock, or hangar.

The central core of the hangar remains essentially open for the maneuver of
large experiments into position at the experiment airlock, andfor preassembly
and checkout prior to their being moved into the space environment through
the 60-in. diam nose logistics port. A crane assembly (not shown in

Figure 2-1) is used to assist in maneuvering the larger and heavier items, or
to hold them for preassembly and erection. Transfer of large items from
the hangar to the nose experiment boom for external installation is possible
by this method. Experiment control and connections to experiments set up

in the hangar is possible from either of the consoles.

Large storage facilities are provided along the side of the nose, opposite of
the experiment bay; it is anticipated that the major storage for bothlaboratory
supplies and experiments will be also provided in the multimission modules

because permanent access is provided through the radial stowage ports.
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2,3.2 Operations Area

The baseline operations deck is revised by the addition of an auxiliary scien-
tific test console and an auxiliary maintenance bench. The enlarged test
station is located in the scientific and maintenance bay. The auxiliary main-
tenance console is located at the side wall; it hinges at the outer corners to
simplify installation of equipment and experiment apparatus, and to enable
inspection and access to the pressure shell. Space is available for two crew-
men working simultaneously, although one crewman at a time will be the

usual arrangement. The original experiment control console is retained.

The auxiliary test console will house experimental apparatus and control
equipment. It must, therefore, be capable of complete revision from time
to time; this requires that wiring, coolant lines, and other connections be

accessible. Approximately 18 sq ft of panel space and 50 cu ft of volume are

available for experiment installations.

The auxiliary maintenance bench hinges from the back side of the operations
console. It is intended to be a maintenance and repair station, and no partic-
ular connections or apparatus are provided. It is an auxiliary work space in

which apparatus will be readily set up and torn down.

A pressure hatch into the experiment bay is located in the scientific bay; it
is the same size hatch as the airlock hatches used throughout the laboratory.
The hatches leading to the control moment gyros beneath the floor are deleted

because the CMG's are relocated to the hangar deck.

2.3.3 Crew Living Quarters

Crew support systems were revised to add provisions for nine men. The pro-
visions were largely restricted to increasing the EC/LS capacity and the
galley facilities. The number of crew sleeping quarters remains unchanged
(six) and no increase in hygiene equipment or toilet facilities is provided.
With a crew of nine men, it is felt that at least three crewmen will always

be awake and, therefore, the six bunks, if shared, are satisfactory. Should
the actual crew be increased to nine men, additional supplies and equipment

will be furnished simultaneously with the men.




The detailed changes to the EC/LS system are noted in Book 2, Douglas

Report No. SM-48816. They consist primarily of increasing tank sizes

for consumables and enlarging processing systems such as the water electrol-
ysis, cabin conditioning, radiator area, and heat transport system to take
care of the larger crew. Therefore, the living quarters do not show a config-
urational change. The same is true of the galley changes because these
changes are associated with more frequent use of the existing systems

rather than the addition of different facilities.

Hygiene and toilet facilities are used singly; effect of a crew of nine on these
systems is, therefore, an increase of utilization time rather than a require-~
ment for additional facilities. The waste processing system was changed
from a thermal-vacuum drying system to one of vacuum only. Furthermore,
the waste products are retained in a waste container in the toilet rather than
being moved to the drying containers after each use. The waste container is
retained in the toilet until it is filled, at which time it is sealed and stored in
an MMM prior to discard of the MMM. The effect of a nine-man crew on the
toilet system results in a larger storage requirement for waste containers.
The laboratory and laundry facilities, like the toilet, are used more often,
but the waste products of these systems are largely water borne; the elec-

trolysis system changes to the EC/LS system have been sized to account for

the added burden of nine men.

Since the baseline crew size continues to be six men, investigation into a
complete revision of the crew living quarters arrangement was not attempted.
A review and full explanation of the baseline living quarters may be found in
Reference 3. Investigations into quarters for increased crew sizes of 9

and 12 were accomplished in a preliminary fashion.

The nine-man crew size could be accommodated by sharing the six-man crew
compartments, or by converting three of the six single-crew compartments
to two bunk compartments and retaining three single-man compartments for

the crewmen with the longest tours of duty (Figure 2-20).

Twelve men could be accommodated by sharing three bunks of the latter nine-

man arrangement above, or by converting all of the single-crew compartments
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into dual bunks; sharing of the six baseline single-bunk compartments is
possible, but the ensuing rotation and asleep/awake schedule problems

appear undesirable. A proposed l2-bunk arrangement is shownin Figure 2-21.

The nine-man configuration leaves approximately the same space for recrea-
tion, exercise, and personal upkeep as the baseline MORL. However, it was
decided not to penalize the launch weight with the three additional bunks, but
rather, for the present, to maintain the larger private area for the crewmen.
Addition of the second bunk to the compartment is not difficult, and should
nine-man crew requirements arise later, bunks could be added without major

system changes.

The 12-man configuration noted in Figure 2-21 was selected because it
retains the large central open area. The space-suit stowage area was
removed into the overhead to allow for the six additional bunks. Each dual
bunk is equipped with sound-deadening curtains which enclose the bunk area
and allow privacy for sleep or recreation. The galley and bathroom facilities
are the same as for the baseline arrangement; cabinets for storage of cloth-

ing and individual items are located beneath the upper bunks.

2.3.4 Displays and Controls

The operation control and subsystems displays station contains controls and
displays for all vehicle operations. The panel is designed for a standing
operator. A table-high bench and restraint system are provided. Related
controls and displays are grouped by function to minimize operator move-
ment and to facilitate rapid and reliable accomplishment of critical tasks.
The console is designed so that one man can effectively monitor and control

all routine functions.

The design also reflects the need for two-man operations during those
instances when multiple or complex tasks occur. 'The controls and displays
are mounted from the back of the panel to provide a clean, uncluttered panel
with maximum space for descriptive nomenclature. The front panels are
hinged to provide easy access to display fasteners from the fr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>